Currently, the fifteen new periodic orbits of Newtonian three-body problem with equal mass were found byŠuvakov and Dmitrašinović [Phys Rev Lett, 2013, 110: 114301] using the gradient descent method with double precision. In this paper, these reported orbits are checked stringently by means of a reliable numerical approach (namely the "Clean Numerical Simulation", CNS), which is based on the arbitrary-order Taylor series method and data in arbitrary-digit precision with a procedure of solution verification. It is found that seven among these fifteen orbits greatly depart from the periodic ones within a long enough interval of time, and are thus most possibly unstable at least. It is suggested to carefully check whether or not these seven unstable orbits are the so-called "computational periodicity" mentioned by Lorenz in 2006. This work also illustrates the validity and great potential of the CNS for chaotic dynamic systems. 
Introduction
It is a common knowledge that orbits of the famous threebody problem [1] are not integrable generally. Although chaotic orbits of three-body problems are common, however, three families of periodic orbits were found:
1. the Lagrange-Euler family, dating back to the analytical solutions in the 18th century (one recent orbit was given by Moore [2]); 2. the Broucke-Hadjidemetriou-Hénon family, dating back to the mid-1970s [3-8]; 3. the Figure-8 family, discovered in 1993 by Moore [2] and extended to the rotating cases [9] [10] [11] [12] .
*Corresponding author (email: sjliao@sjtu.edu.cn) †Contributed by LIAO ShiJun (Associate Editor) Note that nearly all of these reported periodic orbits are planar. Currently,Šuvakov and Dmitrašinović [13] found by means of the gradient descent method (in normal precision) that there exist four classes of planar periodic orbits of Newtonian three body with equal mass, with the above three families belonging to one class. Besides, they reported three new classes of planar periodic orbits and gave a few initial conditions for each class with the 5-digit precision. At first, they found around 50 different regions containing candidates for periodic orbits, at return proximity of 10 −1 in the phase space, while evaluating this section of the initial conditions space. Then, they further refined these initial conditions to the level of return proximity of less then 10 −6 by means of the gradient descent method. For the details of their 15 planar "periodic" orbits, please refer to the gallery (http://suki.ipb.ac.rs/3body/). Especially,Šuvakov and Dmi-trašinović [13] expected their solutions "to be either stable or marginally unstable, as otherwise they probably would not have been found" by their numerical method.
Let the vector r i (t) denote the orbit of three body with equal mass, where t denotes the time and i = 1, 2, 3, respectively. If the orbit is periodic with the period T , it holds r i (t) = r i (t + nT ) for arbitrary time t 0 and arbitrary integer n 1. If, given a tiny disturbance (for example at t = 0), the three-bodies greatly depart their periodic orbits after a prolonged time, then the corresponding orbits are unstable.
Suvakov and Dmitrašinović [13] used the gradient descent method to search for the initial conditions of the periodic orbits of three-body of equal mass in the accuracy of 10 −6 . Currently, they obtained the more accurate initial conditions in the 15-digit precision. However, it is well-known that orbits of three-body problem are often chaotic, i.e., very sensitive to initial conditions [14] [15] [16] . As reported by Lorenz [14] , many traditional numerical methods in single or double precision often lead to the so-called "computational periodicity" (CP) of chaotic dynamic systems: when the exact solution is chaotic, computed solutions are, however, periodic within a range of time step. Thus, it is very important to gain reliable orbits of the three-body problem. Note thatŠuvakov and Dmitrašinović [13] employed a traditional numerical method only in the double precision. Thus, it is necessary to check their reported periodic orbits very carefully using a more reliable approach.
To gain mathematically reliable numerical simulations of orbits of Newtonian three body problem, we use here the socalled "Clean Numerical Simulation" (CNS) [17] [18] [19] , which is based on the arbitrary-order Taylor series method (TSM) and the arbitrary precision library of C with a procedure of solution verification. The TSM [20] [21] [22] can trace back to Newton, Euler, Liouville and Cauchy. It has an advantage that its formula at arbitrary order can be easily expressed in the same form. So, from viewpoint of numerical simulations, it is rather easy to use the TSM at very high order so as to deduce the truncation error to a required level. Besides, the round-off error can be reduced to arbitrary level by means of the multiple precision (MP) library [23] . Let M denote the order of TSM and N s the number of significant digits of multiple-precision data, respectively. Unlike other numerical approaches, the CNS enforces that N s increases together with M, such as N s = 2M as illustrated by Liao [17] who gained, for the first time, a reliable chaotic solution in a long interval [0, 1000] of Lorenz equation by means of M = 400 and N s = 800. More importantly, unlike other methods, the CNS has a procedure of solution verification: the reliability of one CNS simulation in a given finite but long enough interval must be guaranteed by means of other better CNS simulations using larger M and/or smaller time step Δt. In this way, the numerical noises can be decreased to such a small level that both truncation and round-off errors are negligible in a given finite but sufficiently long interval. For example, using the 400th-order TSM and the high floating point precision (800-digits), Liao [17] gained a reliable chaotic solution of Lorenz equation in a long interval [0, 1000] of time, whose reliability was confirmed currently by Kehlet and Logg [24] using a 200th-order finite element method with the high floating point precision (400 digits). In addition, Liao [18] employed the CNS to accurately and reliably simulate the propagation of physical uncertainty of initial positions (caused by the so-called wave-particle duality of de Broglie, even at the infinitesimal dimensionless level 10 −60 ) of the chaotic Hamiltonian Hénon-Heiles system for motions of stars in a plane about the galactic center. Recently, using 1200 CPUs of the National Supercomputer TH-A1 and the modified parallel integral algorithm based on the CNS with the 3500th-order TSM and the 4180-digit multiple-precision data, Liao and Wang [25] , for the first time, obtained a mathematically reliable simulation of chaotic solution of Lorenz equation in a rather long interval [0, 10000] . Such kind of reliable, convergent chaotic solution of Lorenz equation has never been reported. All of these indicate that the CNS can indeed provide us a safe way to gain mathematically reliable simulations of chaotic dynamic systems in a finite but adequately long interval.
Currently, Liao [19] successfully applied the CNS to accurately investigate the influence of the micro-level physical uncertainty of initial position of three-body problem with equal mass on its chaotic trajectories, and found that the microlevel physical uncertainty might transfer into macroscopic randomness. This further validates the utility of the CNS for three-body problem. So, in this paper, we use the same CNS approach to check and verify the periodic orbits reported by Suvakov and Dmitrašinović [13] . All numerical simulations reported below are obtained by the CNS with high enough order of TSM and accurate enough multiple-precision data with a procedure of solution verification, say, whose validity in a given long enough interval is further confirmed by better CNS simulations using higher-order TSM, and/or more accurate MP data, and/or smaller time step Δt. For the detailed numerical algorithm, please refer to Liao [19] .
